Relation of Electrolyte Disturbances to Cardiac Arrhythmias
To the Editor:
We would like to bring your attention to a possible contradictory remark in the article by Dr. Charles Fisch (Circulation 47: 408, 1973) . We feel the paragraph During diastole (phase 4 of the AP) the membrane is largely permeable to K+ with a net loss of intracellular K +. Due to this selective permeability to K+, the magnitude of the transmembrane resting potential (TRP) is dependent largely on transmembrane concentration of K+. This relation of TRP to K+ is expressed in the Nernst equation which predicts that an increase in extracellular K+ decreases the TRP (becomes less negative) while a lowering of the extracellular K+ results in hyperpolarization, or an increase in TRP (becomes more negative.) appearing on page 408 is not in accordance with the following paragraphs:
The inhibition of diastolic depolarization by hyperkalemia is thought to be due to an increase in membrane conductance to K+ and thus return of the TRP to a more negative level.
The rapidity with which changes of K+ level take place, not only the absolute level, is important in predicting the effect of K+ on impulse formation and conduction. A rapid increase of K+ level to normal in a preparation perfused with low K+ or in a K +-depleted animal or human may result in bradyeardia, cardiac arrest, or depression of conduction. These changes are attributed to a sudden increase in negativity of the TRP due to increased K + conductance secondary to rise of extracellular K+. which appeared on page 410 of the same volume. Please inform us if we are misinterpreting the article or if there is an actual error that should be corrected.
DR. BRIAN 408 and 410 are contradictory. However, the statements are not in error; rather the purpose of the paper precluded an in depth discussion of the various, some as yet poorly identified events ultimately responsible for the behavior of the transmembrane action potential.
A major consideration in any discussion of the effect of K+, is the type of cell in question and the circumstances under which the K + changes take place.
First, let us consider the cardiac cell which demonstrates spontaneous diastolic depolarization or automaticity. When K + is presented to such a cell during the diastole, its effect is almost identical to that which follows vagal stimulation or administration of acetylcholine. That is, K + causes an increase rather than a decrease in K + conductance of the cell membrane resulting in a depression of phase 4 depolarization. At same level of [K+ ], automaticity will be abolished and spontaneous activity ceases. In addition, a pacemaker cell has a lower [K]' ratio than a non-pacemaker cell. Hence, as K+ is given there is an initial net inward influx of K+, increasing the K+ inside, resulting in a more negative transmembrane potential (EM). Furthermore K + may activate an "electrogenic" pump which causes an efflux of Na +. This would contribute to a more negative Em. The total net effect of all the above would be cessation of spontaneous activity of all pacemaker activity.
In a normal non-pacemaking cell with a transmembrane resting potential (TRP) of about -90 mV, the E-,] is determined and maintained by K+ as indicated by Nemst Equation:
Em R = F 1g [K+]I Actually one has to consider membrane conductance of K + as well as the other ions, a relationship more accurately described by the Goldman constant field equation. However, in the resting state (non-active) EM is very close to EK+ and thus, the resting membrane is considered to be a K + membrane. When such a cell is exposed to high concentration of K +, there is again, as with the pacemaker cell, an initial net movement of K+ in, as well as activation of an electrogenic pump that expels Na +. The result is an initial early hyperpolarization or greater negativity. However, with time, the steady-state situation again maintains and the TRP is determined by the Nernst (or the Goldman field relationship) and is, thus, considered to be a K + dominated membrane. With an increase of extracellular
